Introduction
As of 2012, China's level of motorisation was at approximately 80 passenger cars per 1,000 population, a level last seen in the United States in the year 1920 (1) . While car ownership per capita in the United States at present is approximately ten times this level, it has been broadly stable in the 2000s. China, in contrast, is motorising rapidly: car ownership per capita has grown in the 2000s at a compound rate of approximately 21% per annum, a growth rate last observed in the US also nearly 100 years ago (circa 1920) (1) . Vehicle-kilometres driven have increased There are currently more new cars being sold annually in China (21,100,000) than in either the European Union (14,300,000) or North America (9,200,000) (2) . The consequences of motorisation in China are far-reaching. In addition to local and national issues of quality-of-life and economic development for China's citizens, the impacts will be felt internationally through mechanisms such as international trade in automobiles and the globalscale climate-changing impacts of greenhouse gas emissions from China's personal-transport sector. Whilst the patterns and trajectory of car ownership in China are clearly of wider relevance outside of China, comparatively little is known in comparison to patterns in the West.
The objective of this study is to identify factors associated with car ownership in China, employing a disaggregate dataset (with individual households as the unit of observation) that is nationally-representative of Chinese households. Using logistic regression techniques, we examine three distinct dimensions of car ownership:
1. Whether or not a household owns 1+ car 2. Whether a car-owning household owns 1 car or 2+ cars (i.e. multiple car ownership) 3 . Whether or not a car-owning household owns a new car (i.e. for which they are the first owner)
The first two of these dimensions can in principle be modelled via a single ordinal logistic regression model, in which the number of cars owned by a household (0 cars, 1, 2, etc.) is treated as an ordinal quantity. We chose to specify the two separate binary logistic regression models, however, in keeping with the logic of (5) . In that study Bhat and Pulugurta demonstrate that multiple independent estimations of unordered models of car ownership (e.g. 0 versus 1+, 1 versus 2+) more accurately capture the underlying behavioural mechanisms, because an ordered model imposes an implicit and untested assumption that the parameters governing the acquisition of a first car are identical to those of acquiring additional cars. The motivation for modelling the distinction between ownership of new versus secondhand car ownership is firstly that some car-restraint policies in China operate at the point of new-vehicle purchase (see Section 2) , and that in the West there is well-established evidence that new cars are systematically driven higher annual kilometrage than older cars (cf. 6). while the CHFS dataset does not provide the evidence required to establish whether or not this is true in China as well, it is a reason for policymakers and researchers to be interested in the correlates of new versus secondhand car ownership.
The remainder of this paper is organised as follows. Section 2 discusses this study in the context of earlier studies of car ownership in China. Section 3 describes the CHFS dataset's properties. Section 4 then presents and discusses the empirical results, and Section 5 summarises and concludes this paper.
Background
Within the domain of transport research, there is a long legacy of modelling car ownership, with noteworthy early studies by Mogridge (7, 8) , Tanner (9, 10, 11) , and Train (12) . More recently, researchers have conceptualised a car as one type of mobility 'tool' or 'resource' that can be acquired, along with others such as a bicycle or a public transport season ticket (13, 14) . In general, an important distinction in the literature is between studies in which car ownership is analysed at the disaggregate level (i.e. at the level of individual persons or households), or in aggregate form (i.e. average car ownership rates at national or subnational levels of geography).
Disaggregate data provides much richer information for the analyst to work with, however it is generally more difficult to collect and expensive than aggregate data resources, and therefore less widely available to researchers. In an effort to manage the rapid pace of motorisation, Chinese cities have implemented a range of car-restraint policies that extend far beyond policies that have been employed in the West.
Feng and Li (39) report that Shanghai became (in 1986) the first Chinese city with explicit policies to control car ownership. The auction-based policy has evolved over time, and is now is an open auction in which people can bid for the right to own a car via telephone and the internet. To avoid Shanghai's restrictive policies, Feng and Li report evidence of residents choosing to illicitly register their cars in other provinces. To counter this phenomenon, Shanghai's government restricts 'non-local' vehicles from entering elevated roads and the intracity expressway system during peak hours (39) . The acceptance of the auction mechanism, the distribution of preferences across the population and its determinants are studied by Chen and Zhao (37, 38) . They report that people have generally negative views on the affordability of the license, the effects on equity and the implementation process. The opacity of the disposition of the revenue and perceived inequity (e.g. government vehicles being exempt) in obtaining a license were found to exacerbate the negative view. However, Chen and Zhao demonstrate that the public believes that the auction and congestion charges are more effective than parking charges and fuel taxes. Interestingly, local car owners were found to be less opposed to the auction policy compare with non-car owners or non-local car owners, and the acceptance of the policy has increased over time. An example of a hybrid lottery/auction mechanism was implemented in Guangzhou in 2012.
Feng and Li report that the system incorporates three categories: a lottery for alternative energy vehicles, a lottery for regular vehicles, and an auction for regular vehicles. Guangzhou also prevents non-local vehicles from certain parts of the road network during peak periods.
Description of CHFS dataset
The China Household Finance Survey (CHFS) dataset 1 employed in the present study follows a sampling protocol to ensure that (with the application of statistical weights to account for sampling and response biases) it is nationally-representative across China, with the exception of the following 'sensitive' regions: Tibet, Xinjiang, Inner Mongolia, Hong Kong, Macau, and Taiwan (32) . The regions that are not sampled represent 9.7% of the population of China (including Hong Kong, Macau and Taiwan). The questionnaire employed to generate the CHFS dataset can be accessed via (33) Table 2 reports the sets of independent variables employed in previous studies of car ownership (mainly, though not exclusively from the West; cf. 30) that have employed disaggregate data, as well as the goodness-of-fit reported in each study. Notable differences with variables previously employed are that the present study employs two attitudinal variables (expectations of economic growth and self-reported happiness) as well as hukou status (which does not have a direct analog in Western countries). For comparability with the earlier literature, we report in Table 7 results with the attitudinal variables excluded. Table 3 contains a summary of descriptive statistics for the CHFS sample, with Table 4 presenting a subset of indicators for each province. Large geographic differences in average household income can be seen, with incomes in Guangdong (a coastal province bordering Hong Kong) approximately eight times the average in Guizhou (a landlocked province in the southwest). The close correlation (Pearson's r of +0.58) between income and per capita car ownership can also be clearly seen; this effect is reflected in the correspondingly large differences in car ownership levels across provinces.
Prior to performing the logistic regression analyses described in the next section, we first investigated the possibility of collinearity by performing a bivariate correlation analysis between each pair of independent variables. Table 5 presents this correlation matrix; on the basis of the maximum observed absolute value of any correlation coefficient of 0.51, we determined that it would not be necessary to remove any variables due to collinearity.
Results
As noted in the introduction, we employed a set of binary logistic regression models (30) o The estimation sample for this model contained only car-owning households Tables 6 and 7 contain estimation results for two alternative specifications of each of these three dimensions. Table 6 reports estimation results where all independent variables are included, and Table 7 reports results with attitudinal variables excluded and all other variables retained only under a criterion of p<0.15 following a stepwise-with-backwards-removal specification search. Except as noted otherwise, the discussion of results in the remainder of this section refers to the reduced-specification results reported in Table 7 ; all effects reported in Table 7 are within ±25% of the effects in the full-specification model (Table 6 ).
In Models 1a, 2a, and 3a, household income is introduced directly into the set of independent variables. The parameter values can be interpreted as the elasticity of the odds of the dependent dimension (i.e. whether or not a household owns any cars, in the case of Model 1a) in response to an absolute change of ¥10,000/year. In Model 1b, 2b, and 3b, household income is introduced after taking its natural logarithm. For these models, the parameter values can be interpreted as unitless elasticities (i.e. percentage change in dependent variable in response to a 1% change in household income).
Models 1a and 1b: Car-less versus car-owning households
On the basis of relative goodness-of-fit 3 , we identify Model 1b as statistically preferred over Model 1a; from Model 1b it can be inferred that the income elasticity of being a car-owning household is approximately 0.48.
Car ownership was found to be independently positively linked, ceteris paribus, with the number of working adults, the number of non-working adults, and the number of children. Of these three variables, the largest elasticity is with respect to the presence of children.
Owning one's residence is strongly positively associated with car ownership, as is owning multiple residences. Living in an urban area also correlates positively with car ownership, net of confounding effects, as does proximity (measures in travel time) to the city/town centre. The same applies for the size of one's residence.
We found no significant effect for the 'migrant' hukou status variable. In Table 6 , we report finding that being optimistic about the future performance of the Chinese economy was negatively linked with car ownership; we do not have an immediate explanation for this result.
Reporting that one is generally 'Happy' is found to be positively associated with car ownership.
Net of confounding effects, we found that households with only younger members (all under age 40) and households with highly-educated members were more likely to own cars, under ceteris paribus conditions.
Models 2a and 2b: Multiple car ownership
Amongst the two models of multiple-car-ownership, Model 2a is statistically preferred. We note that the goodness-of-fit (McFadden's pseudo-r 2 ) of these Models (and also Models 3a and 3b) are in the range 0.10-0.12 and adjusted pseudo-r 2 values are in the range 0.07-0.08, which is substantially worse fit than Models 1a and 1b. In other words, the models we specified are much better able to explain a household's car-owning status (yes/no) than they are able to explain patterns of multiple-car-ownership or new-car-ownership.
In the models of multiple-car-ownership, no 2+-car-owning households were observed for which the household respondent reported feeling 'Unhappy' or 'Extremely Unhappy'; we therefore exclude this variable from Models 2a and 2b (See Table 6 ).
With one exception, all parameters in the models of single versus multiple-car-ownership (Models 2a and 2b) that are statistically significant have the same signs as the corresponding parameters in the model of car ownership versus non-car-ownership (Models 1a and 1b). The exception is that in Model 2a, households with members aged 40-59 are found to be more likely to own multiple cars than households with all members under age 40. By comparing Model 2a/2b to 1a/1b, our results suggest that, net of confounding effects, older households are less likely to own cars, but amongst car-owning households older households are more likely to own multiple cars rather than a single car.
We note that the estimated income elasticity of multiple-car-ownership (Models 2a/2b) is lower than that for car ownership (Models 1a/1b). Also, for Models 2a/2b the effect due to the number of working adults is larger than the effect due to the number of working adults, whereas the opposite was found in Models 1a/1b.
Models 3a and 3b: New car ownership
The final set of Models (3a and 3b) evaluated patterns of new car ownership amongst carowning households. As noted above, explanatory power was rather low (0.08); we interpret this as likely due, at least in part, to the fact that only a small minority (16.3%) of households own cars, and that of this group a relatively small proportion (18%) own a used car. In other words, most cars owned by CHFS respondents are new cars, which reflects the rapid growth in motorisation in recent years.
A counterintuitive result from Models 3a/3b is that the effect of income on ownership of new cars versus used cars is insignificant in both specifications ( Table 6 shows that it is close to significant when entered directly in Model 3a, and not close in Model 3b when entered after taking its natural logarithm). The estimated effects are positive, but the fact that they are not significant is contrary to our a priori expectations.
The effect due to living in a rural (versus urban) area is negative (p=0.07), and the effect of travel time to the city/town centre is also negative. Thus households in urban areas, and specifically the central areas of urban areas, appear to be more likely to own new (versus used) cars, ceteris paribus. It is worth noting that one hypothesis of Chamon et al (4) Models 3a/3b identified the only effect due to the hukou variable that is significant (p=0.06).
Urban car-owning households with rural-hukou-status members are, net of countervailing effects, less likely to have purchased their car(s) new.
We found (ceteris paribus) that car-owning households with older members are more likely to own a new car, that households with more-highly educated members are more likely to own a new car. Finally, we found no significant effect due to economic expectations, however reporting being 'Happy' is positively associated with having bought a new car.
Conclusions
In this study we present an analysis of car ownership in China that employs a novel nationallyrepresentative household survey. A particularly noteworthy finding is that the negative association between car ownership and living in a rural area of China remains after accounting for confounding effects including income differences. This finding was robust across both specifications of income effects that we tested (with household income entered directly, or via the natural logarithm of household income). The inflection point of car ownership increase curve of the highest income-level population will be in 2010, whereas the other income-level populations have not reach the inflection point; the number of cars per 100 population will be 9.2 and 14.7, respectively. Around 1/3 of households own cars, and this ratio will be 1/2 in 2020; higher income elasticity of car ownership for lower income populations. PCA with HMM approach is suitable for short term car ownership prediction 
